The main objective of this research was to determine fruit yield of strawberry (Fragaria x ananassa) stock plants in a cropping system after producing runner tips and plug plants. Micropropagated stock plants were planted in a soilless growing system. Runner tips bearing at least one visible root nodule were harvested at 43, 66 and 87 days after planting, rooted and planted as multiplied stock plants for producing plug plants. 
I
n Brazil, strawberry (Fragaria x ananassa) is grown as an annual crop using mainly short-day cultivars. Planting is done in the fall and plants grow until spring, when they begin to produce fruits. In Southern Brazil, day neutral cultivars are also grown at altitudes higher than 800 m for fruit production in the summer and fall. In both cases, plants are removed and discarded after the fruiting period and a new crop is planted. This practice is carried out by using transplants produced from stock plants.
Bare root transplants produced from runner tips rooted in the soil is the traditional strawberry propagation method. In Rio Grande do Sul state, Brazil, the production of strawberry bare root transplants is inexpressive and they are imported from Argentina and Chile (Oliveira & Scivittaro, 2006) . Hence, transplants are delivered to growers often not during the best time for planting their crops. Also, the quality of these plants is variable through the years and a high rate of mortality is registered.
Nowadays, there is a trend to replace bare roots transplants by those rooted in trays using the "plug plant" method (Durner et al., 2002; Tessarioli Neto et al., 2003; Giménez et al., 2008) . This method requires runner tips to be produced in the summer in order to be rooted in trays and shipped to growers. To reach this goal, stock plants , stock plants were defoliated and plug plants of the same cultivars were planted as control for fruit production. Early fruit yield and number of fruits were higher on stock plants, but fresh fruit yield was higher on control plants. Total fruit yield and number were higher on stock plants of 'INIA Arazá' and 'INIA Guenoa'. We concluded that strawberry stock plants reach higher early and total fresh fruit yield than plug transplants in the second cropping year after producing runner tips in a soilless growing system. Therefore, plants should not be discarded after the production of runner tips. obtained by in vitro culture are planted in hydroponic facilities in the spring to produce runner tips until late summer, which is the best time for plug plant production. After this period, stock plants are usually discarded. In a well-conducted production system, stock plants used for plug plant production are vigorous and free of pests and diseases at the time to be discarded. Therefore, these plants could still be used for fruit production and as transplants. In fact, two-year cropping of strawberries is a technique used in many countries for amortization of production costs. However, it has been considered suitable only for marginal production regions, due to increased weed control and risk of diseases in the second cropping year. Nevertheless, such problems do not occur as often in soilless systems because they are minimized.
Keywords
Although strawberry has been grown as an annual crop, it is a perennial species with reproductive and propagative phases controlled by photoperiod and temperature (Heide & Sonsteby, 2007) . In the reproductive phase, vegetative organs, flowers and fruits are continuously emitted and simultaneously grown. In the propagation phase, inflorescences and fruits are replaced by stolons and runner tips. Data describing patterns of growth, dry matter accumulation and partitioning among organs of the strawberry plant in these two developmental phases are scarce in the literature. The objectives of this research were i) determine growth, development and fruit yield of strawberry stock plants in a cropping system after production of runner tips and plug plants and ii) increase knowledge about dry matter partitioning among strawberry plant organs. , 2009, when the control plug transplants were planted, 4 stock plants were collected from T1, T2, T3 and T4 plots for shoot, crown and root dry weight measurements, after drying at 65ºC until constant weight. Thereafter, border plants were not used for measurements. Number of days from planting to the beginning of flowering and to the first fruit harvest was recorded. Beginning of flowering was recorded when 50% of plants in the plot had at least one flower at anthesis. Ripe fruits with the epidermis 100% red identified as stage 87 (Meier et al., 1994) were harvested and weighted twice a week. They were counted, weighted and screened in marketable yield, with fresh weight higher than 6 g and without any injury or malformation (Antunes et al., 2007) th , 2009, when 4 plants from each treatment were collected for shoot, crown and root dry weight measurements, such as done for stock plants on the day the control plug transplants were planted. The difference on dry weight of stock plant organs between planting and the end of the experiment was considered as the relative growth of these plants during the reproductive phase of the crop.
MATERIAL AND METHODS
The variables number of fruits, leaves and crowns were transformed using the expression (x + 0.05) 0.5 . All variables were submitted to analysis of variance and the significance of differences among means was determined by the Tukey's test at 5% probability using the Statistica Software ® .
RESULTS AND DISCUSSION
Early fruit yield was on average (T1-T4) 327.9%; 213% and 322.9% higher on 'Arazá', 'Guenoa' and 'Yvapitá' stock plants, respectively, when compared to control plug transplants (Table 1) . These results can be attributed to a higher number of fruits per plant, being 495.7%; 304.7% and 257.7% higher on 'Arazá', 'Guenoa' and 'Yvapitá' stock plants, respectively. Nevertheless, average fresh weight of early fruits produced by stock plants was lower on 'Arazá' and 'Guenoa' and higher on 'Yvapitá', when compared to control plants.
Total fruit yield and number of fruits on 'Arazá' and 'Guenoa' plants differed among treatments (Table 2) , being lower on control ones. On 'Yvapitá' plants, significant differences were not recorded on plants of all treatments.
The highest plant growth was recorded on T1 'Guenoa' plants and the lowest on control 'Arazá' ones (T5) ( Table 3 ). It was lower on control plants (T5) of 'Arazá' and 'Guenoa', when compared to T1-T4 stock ones. The growth of leaves (petioles included) was lower on Arazá. On plants of this cultivar, it was lower on control plants and did not differ significantly among stock ones. On 'Guenoa' plants, T1, T2 and T3 did not differ significantly and reached the higher mean, while the lowest was on control ones. Growth of crown was higher on T1 stock plants and lower on T5-control ones. Dry weight of roots was lower on control plants of 'Arazá' and 'Guenoa'. It has been demonstrated in the literature that during the propagation phase of the strawberry plant, the mother plant, its stolons and daughter plants can exchange assimilates for growth (Savini et al., 2008) . Nevertheless, in the present experiment such interactions were minimized, as runner tips were picked out at the first visible root nodule, not being kept to rooting. In this case, it can be considered as weak sink organs, Table 1 . Early fruit yield , number of fruits per plant and average fruit fresh weight of micropropagated (T1) and multiplied strawberry stock plants (T2, T3 and T4) and of control plants (T5) from plug transplants of cultivars Arazá, Guenoa and Yvapitá at the end of the experiment [produção precoce, número de frutos por planta e peso fresco médio de frutos de plantas matrizes de morangueiro micropropagadas (T1) e multiplicadas (T2, T3 e T4) de plantas testemunhas (T5) Means followed by the same lowercase letters in lines and uppercase in columns do not differ by Tukey test at 5% probability (médias seguidas pela mesma letra minúscula na linha e maiúscula na coluna não diferem significativamente pelo teste de Tukey a 5% de probabilidade). Table 2 . Total fruit yield , number of fruits per plant and average fruit fresh weight of micropropagated (T1) and multiplied strawberry stock plants (T2, T3 and T4) and of control plants (T5) from plug transplants of cultivars Arazá, Guenoa and Yvapitá at the end of the experiment [produção total de frutos, número de frutos por planta e peso fresco médio de frutos de plantas matrizes de morangueiro micropropagadas (T1) e multiplicadas (T2, T3 e T4) de plantas testemunhas (T5) mudas em bandejas das cultivares Arazá, Guenoa Means followed by the same lowercase letters in lines and uppercase in columns do not differ by Tukey test at 5% probability (médias seguidas pela mesma letra minúscula na linha e maiúscula na coluna não diferem significativamente pelo teste de Tukey a 5% de probabilidade).
because of the vigorous growth of the stock plants at the end of the propagation phase. This growth was reduced during the reproductive phase. Figure 1 shows that shoot and roots lost dry weight during this phase, indicating that fruits were the major sinks. It is surprising that during this period the crown did not lose dry weight and its growth proceeded. This growth pattern can be related to the perennial trait of this plant species. Early strawberry fruit yield is an important characteristic, because of higher fruit prices in fall and winter (Hokanson et al., 2004) . Results of the present experiment clearly demonstrate that previous plant growth before the beginning of the fruiting period can stimulate early fruit yield. This was shown mainly by the number of fruits per plant, which can be attributed to a higher number of meristematic apexes in older plants. In young plants originated from transplants, the emission of inflorescences depends on the previous growth of the crown, in an isometric physiological process. Nevertheless, higher number of fruits per plant leads to lower fruit fresh weight, probably due to defoliation, which reduces the supply of photosynthetic assimilates. This hypothesis is reinforced by the low fruit fresh weight observed in micropropagated stock plants with the higher growth (T1). Higher dry weight implies higher maintenance respiration, increasing competition for assimilates between leaves and inflorescences growing simultaneously. Thus, this competition stops after the emission of new leaves on defoliated plants, as well as fruit yield between the ending date of the early period and the end of the experiment was also higher on stock plants. The convenience of the defoliation practice at the beginning of the second cropping year has to be reviewed, especially in well-conducted crops that are free of pests and diseases.
The present results show that in soilless growing system, strawberry stock plants can reach a higher early and total fresh fruit yield than plug transplants. Therefore, they should not be discarded after the production of runner tips. Means followed by the same lowercase letters in lines and uppercase in columns do not differed by Tukey test at 5% probability (médias seguidas pela mesma letra minúscula na linha e maiúscula na coluna não diferem significativamente pelo teste de Tukey a 5% de probabilidade). 
